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1y Ene'r'gy.' 'Eﬂi'cien;:j and Renewable Energy

Bringing you a prosperous future where energy is chean, abundanl, reliable, and aflordable

Tips on Saving
Energy & Money




:}N!_.‘ National Renewable Energy Laboratory

Innovation for Our Energy Future

Procedure for Measuring and
Reporting Commercial Building
Energy Performance

D. Barley, M. Deru, 5. Pless, and P. Torcellini

A mabonal libosaeny of tha LLE. of Ervirgy
iz of Enargy Efficiancy & Rarmwabiv Enargy

Technical Report
NRELITP-550-38601
October 2005
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Facility Boundary
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Energy flow diagram providing an overview of this procedure
Figure 4-1 shows a more detalled diagram of the relationships among metrics.

Facility Energy Flow Diagram

(waste heat and emissions not shown)
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EIA National Energy Surveys Show Wide
Variation in a Facility’s Proportionate Use By

Business, Function, Region, Site factors, etc

Facility Energy Use Low High

Heating:
Process and Space

Cooling:
Process and Space

Machine Drives and Fans 3% 11%

29% 395%

2% 1%

Lighting 1%  22%
Office Equipment 2% 1% m




Massachusetts Office of Technical Assistance and Technology

Energy Saving Tips for Industrial and Commercial Buildings

Introduction

Erergy is & significant and growing cost for most businesses, A review of how erergy is used in buldings and then

ta |-,etin., improvements in quipment and procadures can kead to big cost savings. Furtharmers, mary corporate
gOvernment programs now strongly encourage enesgy conservation, The purpase of this fact sheet is w

pr :m?l- useful examples of enengy saving tips that relate to the general categories of building energy use, that

would acply to Ir':_t facilities, (Exarnples of potertial savings in dmect process uses, which may dominate energy

oo *3.- can b found in the OTA energy efficiency fact shest),

SLIITF'CIIZII'I in

; Businessss vary greatly in size and purposs, and this will be reflacted in the
| proportionate en—n;" consumption for gach category of end use. The
i dl:l:l:lr'lpl:l'l""? =2 iz derfved from national surveys' of industiial znd
commerdal feciities, Most Massachusstis manufecourers, with 2 few
sxceptions, have enargy uses within the ranges of this wble. A
1 menufzcturer of basic materials would have proportionately more process
| hazting and an assembly facility would have more space heating, lighting,
v i | =te. Alarge facility from heavy industry may have largs IIlE s and even
elecvrical cogensretion while 2 smaller factsy in ane of the light induszies
may have proportionally mare energy use for awsdliary food serices, domestic hot water, etr.

Dewising an enengy strategy with the greatest potental savings involves identfying the major energy end uses
within the faclty, Capital costs and operating costs a2 also nesded for ranking various conservetion measures,
Mote that the d:,-l:.c-: periods will be affected by hours of operation and load profiles,  Awvoided peak demand
surcharges and other energy pricing varizbility can be important in planning your energy stretagy.

Energy Conservation

Many criteria can be usad in decisions whether to install enengy-saving equipment or implement new procedures.
The mast frequenty considered are total costs, rete of retum, ease of implementation, and certainty of the desired
outcome,  The following four categories are sxamples of how your faciity can make changes to achieve enengy
consenvation.

HVAC

A big categery for light industral operstions is HVAC. Waste heat from procssses, lighting, air compressars, etc,
can confrioute in winter buk may not be well disbibutad, Waste heat at some fadlities can oreate additional cooling
lecads net anly in summer, but to a lesser degres in the ather seasons as well.

¢ Waste hest fom compressors can frequendy be +  Adiacent rooms thet are mantained at dffecent

capturad for space hesfing or other uses. temoeratures should be separsted by doors or
*  Supply air for the compressors and bolers should flesible ransparent barriers,
b from the outside, not indoor air. »  Heating and cooling ducts should b2 insulatzd.
» 5ozl lezks and inorzass insulation, 2t kast up to » Use zutomatic controls such a5 progremmable
recommended R-valuss. thermostats, tme clocks, byoass tmers, weather
+  Add economizers o the AC system (a usefu sensors, and activity sensors, where aporoptiate.
technique except on hot, humid days), »  Areas of bulding prone to solar heat gain should
o Ident®y and corect unwanted  drafz and be shaded in summer and exposad in winzer.
unwantsd air movement from one ares to »  Thermostats should be set cooler in winter and
ancther, WaITher in SUmmer.

+  Use caling fans where approprizte.

Additional Energy Conservation Services

Mary electric and gas utiftes provide financial sscstance f.r energy sudits and energy !I'"'lL'e‘ll BgupmeEnt. '..'Eb lirks o many
of thesie can b= found on the OTA Enargy Web Page Bliod v mass ooy ey folalr s s d o

1, Energy Infovmation Administration: [45, Dapartment of Enargy




Executive Office of Energy and Environmental Affairs
Office of Technical Assistance and Technology

HVAC (Heating, Ventilating, and Air Conditioning)

. Capture waste heat 7. Separate / isolate adjacent
. Supply air to equipment rooms , if at different climates

directly from outside 8. Insulate heating and cooling

. Reduce infiltration and ducts when economical
increase insulation 9. Use automatic and/or

. Add economizers to A/C programmable controls
system (except when humid) 10.Shade east / west windows of

. ldentify and correct unwanted building in summer and
drafts through building expose south windows (winter

. Use ceiling fans 11.Set thermostats cooler in
where appropriate winter and warmer in summer

o
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Figure 3 - Distribution of Roughly 5000 U.5. Locations Within 90.1-2001 Climate Bins




Practical Guide to

Energy Management
for Facilities Engineers
and Plant Managers

Thomas E. Mull

600 pages c. 2001 ASME
Introduction to Energy Management
Basic Scientific Principles
Economics for Energy Management
Combustion Systems and Boilers
Steam Systems
Hydronic and Pumping Systems
Chillers and Chilled Water Systems
Cooling Towers and Fluid Coolers
Air Distribution and HVAC Systems
Electrical and Lighting Systems
Compressed Air Systems
Refrigeration Systems
Heat Recovery and Waste Heat Mgt
Thermal Energy Storage Systems
Energy Mgt and Control Systems

o




Building Energy: 345 Software Tools
http://www.eere.energy.gov/buildings/tools_directory/

Whole Building Analysis
— Energy Simulation
Load Calculation
Renewable Energy
Retrofit Analysis
— Sustainability / Green Buildings

Codes & Standards

Materials, Components, Equipment, & Systems
— Envelope Systems

— HVAC Equipment and Systems

— Lighting Systems

Other Applications

— Energy Economics, Atmospheric Pollution, Indoor Air, Training,
Ventilation / Airflow, Multibuilding Facilities, Utility Evaluation,
Solar/Climate AnaIyS|s Water Conservation, Validation Tools;

Misc. :.i il !




from EnergyPlus Training
by NREL / DOE and
GARD Analytics / Univ of lllinois
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Integrated Simulation
Manager (cont'd)

EnergyPlus -
Sky Model . 4 Air Loop
Module | Simulation Manager Module

Shading t Zone Equip

Module  prEg Integrated Solution Manager 1) Module
N Surface Heat Air Heat Building '

Daylighting . Balance Balance o utleart?usn ' PI;TdI:l?:p

Window Glass Condenser

Module / Loop Module
CTF ,
Calculation PV Module
Module

15



eQUEST from doe.gov
Whole Building Integrated Energy Design

Space Cooling
Heat Rejection
Ventilation Fans
Pumps & Aux.
Water Heating
Space Heating
Misc. Equipment
Area Lighting

]
[]
]
[]
[]
]
]
[

Building Site Info and Weather

Building Shell, Structure, Materials, Shades
Building Operations and Scheduling
Internal Loads

HVAC Equipment and Performance

Utility Rates .
Economic Parameters




http://www.sbicouncil.org/store/e10.php

ERGY-10™ calculates integrated energy performance and is
best suited to buildings with one or two thermal zones. The interface
IS simple, the analysis thorough, and the results accurate and quick.
Building types that are most frequently simulated using this software
include retail and office buildings, warehouses, schools, restaurants,
residences, lodging facilities, and more.
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Table 7.0.1: Effects of Various Energy Conservation Measures on Overall School Energy Performance

Energy Annual Savings (EWh) / (5) : Fayback
Conservation For Classrooms For .-'EL[ E‘.S lﬁlirm' the Entire Imp]e.:m::.;'rnnun (Months - Comments
Meazures 303 and 304 Clasirooms School i Unless Noted)

- Focus of study was primarily on
L If.lf'a]]_h_;i 5,660 KWh 79,368 KWh et o s e A — classroom heat p'.mais.. To evaluate
efficiency watar 354 54053 BIA 397,650 [14] 20 yaars . ] a5 havand &
i ) §33 §4,053 all the heat pumps was bevond the
source hear pumips scope of this study.
2. Feplace T12
fluorescent foctares S — T e e These savings represent lighting
with T8 fluorescent =1 ',:E. Eﬁ.‘fh _D';;'l_gbatﬂll . H.Si-l-i;‘l 39,866 18 costs culy. An additional 28% can
fixtures and e T o be saved in sumumer cooling costs.
alectrondc ballasts
el 506 KWh 8,344 kWh . o
economizer on the 537 5571 BIA - - ot cost effectiva.
heat pump ? <
4. Improvad
building insulation 517EWh 7,238 kKWh MA ) ) Mot cost effactiva
and envelope §32 3448 e S
zaplmg
5. Change umilding - A
design ro reduce Ll e N/A - : Mot cost effective.

s 528 3304
SXIRNOr eXpoiTe
§. Litilize
e 240 kW 11,886 kWh 17044 KW I ) e
durieg the coalmg 553 5747 S1.688 £2.300 [13] 0 oAy be cost e.'fe:_.;, ] E'_. ahiation of
maonths of April to - = b otker heat pumps is required.
Oictober
Bafore taking any further action

7. IncTease check the indoar ar quality (Le.
vanilaton in check indoor air femparature,
classrooms fo 13 -1,453 EWh -20,5342 EWh N Cost prokibitive | A enersv loser relative humidiny, €0, and OO
cim per person (as -501 -31,268 I F ) i = levels), Consider kaving am
per ASHRAE medusmial hygienist condect the first

Standard §2-2001%

checlk, before replicating the
praceduras.

—




Energy Annual Savings (W) /(%) . Pavback
Conservation For Classrooms For .-'le [lE l:';m' the Entire Imp]eﬂm:ﬂ'rn flon iMonths - Comment:
Meazures 303 and 304 Clazzrooms School i Unle:: Noted)

7 Utilize Classrooms 303 and 304 were not
clerestoriss to -312kWh - . orientad fo take advantage of
provide sume 33 MiA MiA - - daylighting. I:1 general davlizhing
davlishtinz 15 ot & techmology that can be

TR remofitad.

Carpet cleaning in July requires the
9 Eliminate the schoal 1o operate ﬂ}a heat pumps an
need far apnual mmmsually long period to msure thar
carpet cleaning by . . 95,600 KWL the: Carpetz are dry nd aot subject 10
= NiA WA - - meld and mmaldew. In light of

replacing the
existing carpet with
altamatz floorng

§5,358

mCreasing energy costs, Iris
reconunended that this drying cost
bie eliminztad by nsng & diffarant
floor covering.

10. Flace heat
PUmpS Ol 3 tmer to
aliminate fan and

6937 kWh

87,118 kWh

Meglizible sinca

The savings caloulztion s based on
one mistake per weak when the hear

heat puinp power §433 §6,060 = uﬂii;}gead’ D purnp 15 left inadvertently oparating
during unocoupied 24 hours per day.
pariods

Placement of the computer m front
11. Relocata the of tha retum air duct will affect the
COMPULEr AWaY Wi WA MA Neslizible Fnmediste volunems fow rate of the remm

from the front of the
return air duct

air, and places an additena! load oo
the heat prump to condition the
supply .




\\ Proposed Measures (School)

Upgrade Heat Pumps No
nstall Economizer on Heat Pumps No
UJpgrade T-12 Fluorescents Yes

nsulate Building Envelope No

Setback Temp. April-October Yes
Timer Fan / Heat Pumps - Winter Yes
Increase Ventilation (15 cfm/person) Req
Move Computer from Return Air Duct Yes

o




Srmdisdunon Docorher, 204

ENERGYSTAR

Building Upgrade
Manual

(170 pages)
http://www.energystar.gov/index.cfm?c=
business.bus_upgrade manual

Introduction

Business Analysis

Financing

Recommissioning

Tune-up all systems:
Lighting & Supplemental Loads
Building Envelope
Controls
Testing, Adjusting, Balancing
Heat Exchange Equipment
Heating and Cooling System

Lighting

Supplemental Load Reductions

Fan System Upgrades

Heating & Cooling System Upgrades




1800K 4000K 5500k B000K 120008 16000k

The colors shown are approximate and symbalic, not colorimetrically accurate. A colorimetrically-accurate diagram & is available.
Some common examples.

= 1700 K Match flame

= 1850 K Candle

= 2800 k- Tungsten lamp (incandescent lightbulb)

= 3350 K Studio "CP" light

= 3400 k- Studio lamps, photofloods, etc.

= 4100 k- Moonlight

= 5000 k- Typical warm daylight

= 55006000 K Typical coal daylight, electronic flash (can vary between manufacturers)
m B420 K Xenon arc lamp

= BA00 k2 Daylight®

m 9300 K2 T screen (analog)

The calars of 5000 K and BA00 K black badies are close to the colors of the standard illumininants called respectively 050 and OBS, which are
used in professions working with color reproduction (photographers, publishers, etc).

Spectral power distribution plot

The spectral power distributions provided by many manufacturers
may have been produced using 10 nanometre increments or more on

their spectroradiometer [F280 P68 Tha vaciit js what would seem

to be a smaother {fuller spectrum) power distribution than the lamp

actually has. Increments of 2 nm are mandatory ©t0en reeded g,

taking measurements of fluorescent lights. Here is an example of
Just how different an incandescent lamp's SPD graphs compared to a
fluorescent lamp.




Color Temperature of Various Light Sources

From Energystar Building Upgrade Manual

Lamp Type

Color Temperature (* K)

Incandescent
Halogen

Compact
Fluorescent

Full-5ize
Fluorescent

Mercury Vapor
Metal Halide

High-Pressure
Sodium

Low-Pressure
Sodium

@ 2600 — = (lowver when dimmed)
-
@ 3000 A
2700 3000 3500 4100 S000
e ® ] L &
00 3500 4100 aa0
L e e e s
wamm-white”  “whita” "cool-white”
@ 400 (coated)
. & ]
2100 7000 3100 4100 S000
L] L
standard  white HPS

& 1740

G500
L
G500
L

@ 5700 (cea)

1500 2000 2500 3000 3500 4000 4500 5000

5500 G000 &500



Lamp Characteristics

From Energystar Building Upgrade Manual
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PUtti ng Energy I ntu P rUfitS: Gefling Started: Idenfifying Projects. ..
ENERGY STAR@ GUld& f[ll' Smﬂ" BusmeSS Getling Stared: FInding Funds s

Getling Started: Seleeting Contrathirs. ... e
Getling Started: Prionfizing Projects ...
Gefling Started: Managing Projects .o

BUrE EMBIY SAVEIS oot aes s s ssms s e e s e
Larger OpporfumItiEs........ oot eem s e e
Larger Cpportunities: Buillding Shall...... e cesensssce e
Larger Opportunities: LIghiing......oooeeeecsecesececesem s eecesesssssesamesnnes
Larger Opportunities: Commercial Food Service Equipment........ovcecveenoe.
Larger Opportunities: Heating, Cooling & Ventlating ... cceveevvecerenreennns
Larger Cpportunities: Office Eguipment & Applances. ... vcceeecvveceseneenens
Larger Cpportunities: Refigerabion ...
Leading Small Business Facility TYPES e s sssses e
Leading Small Business Facilty Types: Auto Dealers oo,
Leading Small Business Facilty Types: Educational Facilities.......o.eeeeene.
Leading Small Business Facility Types: Food ServiceRestaurant.................

Leading Small Susiness Facility Types: GroecenyConvenience Store ...

Leading Small Business Facility Types: Health Care o

Leading Small Business Facility Types: Lodging.....o o eceeecevsceeesenns

Leading Small Business Facilty Types: CfICe o

i o R = Leading Small Business Facility Types: Retall..oo.ocoecececce e

B - Caleulate Your SAVINGS ... smssmssnmssnessennne

- ‘ i Caleulate Your Savings: Financial Analysis ..o
LEARN MORE AT ::‘;“ﬂ f:f:;;“ﬁ;fm;;"mifﬁ':ﬂﬂj_“ Calculate Your Savings: Saving With ENERGY STAR...vococeeeecere [

EHEI'QYS'IBI'.QW ::::ﬂ:?;:mﬂ:::::;z““ﬁ“ fmu Calculate Your Savings: Indirect BERefiiS .o



Donald R. Wulfinghoff 40

ENERGY ==

EFFICIENCY
MANUAL

v/ EASY TO USE. Get quickly to the information you need. Clear
explanations. Hundreds of illustrations and examples.

v/ FOR EVERYONE. The primary reference for professionals. The best
how-lo guide for owners and managers. A sourcebook for students,
writers, and eue:ynne mterealed in energy and !ne em.nmnmant

v COMPLETE. Save the most energy in all types of huslnesses
mstltutmns industrial plants, factories, farms, and humes

v LIP Tﬂ [‘.lhTE 'Fhe Ialest technology and methods. Get lhe facts
about controversial issues.

v QUICK PAYBACK. Pays for itself the first time you use it. Based
on real expenence makes your activities a success.

ENERGY INSTITUTE PRESS




Wulfinghoff’s Energy Manual
Contents

Boiler Plant 12 topics

Chiller Plant 12 topics

Service Water Systems 3 topics

Air Handling Systems, 9 topics

Room Conditioning Units &
Self-Contained HVAC Equipment -

Building Air Leakage -

Building Insulation -

Control and Use of Sunlight -

Artificial Lighting -

Independent Energy-Using Components —

Reference Notes -
Energy Mgt Tools
Energy Sources
Mechanical Equipment
Building Envelope
Lighting

1500 pages

200 pages
200 pages
100 pages
200 pages

100 pages
/0 pages
30 pages

100 pages

150 pages
40 pages

160 pages




How Can OTA Help You ?

Jim Cain, environmental Engineer
James.Cain@state.ma.us
(617) 626-1081

Office of Technical Assistance and Technology
Executive Office of Energy and Environmental Affairs
100 Cambridge Street, Suite 900
Boston, MA 02114

WWWw.mass.gov/envir/ota
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